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Abstract The weak field limit of the nonminimally coupled
Boltzmann equation is studied, and relations between the
invariant Bardeen scalar potentials are derived. The Jean’s
criterion for instabilities is found through the modified dis-
persion relation. Special cases are scrutinised and consider-
ations on the model parameters are discussed for Bok glob-
ules.
1 Introduction
The Boltzmann equation is a fundamental description of the
microscopic world and is derived from the Liouville equa-
tion in phase space considering collisions between parti-
cles. From the former, one can derive macroscopic equa-
tions, such as the Navier-Stokes equation for fluids and the
virial theorem for gravitationally bound systems [1], the
Maxwell-Vlasov equations which characterise plasmas [2],
the quantum Bloch-Boltzmann equations for electrons [3],
and the evolution of primordial elements’ abundances in a
de Sitter Universe [4]. From the Boltzmann equation it is
also possible to build physical quantities from its moments,
such as the particle number flux, the energy-momentum ten-
sor or the entropy vector flux.
The Boltzmann equation is sensible to relativistic and
quantum effects. In particular, it can be generalised in order
to account for modified gravity models. In fact, despite its
successful agreement with a vast plethora of observational
data tests [5, 6], General Relativity (GR) lacks a fully con-
sistent quantum version of it and requires two dark com-
ponents to match observations at astrophysical and cosmo-
logical scales, namely dark matter and dark energy, which
have not been directly observed so far. Thus, several alter-
native theories of gravity have been proposed over the years
in the literature. One of the simplest generalisations of GR
ae-mail: claudio.gomes@fc.up.pt
is the so-called f(R) theories which replace the Ricci scalar
by a generic function of it in the action functional (see Refs.
[7, 8] for review on this and Ref. [9] for a review on ba-
sic principles a gravity theory must obey and some extended
theories of gravity). In fact, one specific proposal of such
theories was firstly advanced in order to tackle the initial
conditions problems of the standard Hot Big Bang model,
namely through a nonsingular isotropic homogeneous solu-
tion which accounted for inflation [10]. Moreover, this model
is still in excellent agreement with the most recent data from
Planck mission [11]. (We refer the reader to Ref. [12] for a
review of some exotic inflationary models in light of Planck
data).
Furthermore, f(R) theories of gravity have been used to
address the problems of dark matter and dark energy (see
e.g. Refs. [13, 14]). It has also been found that by requir-
ing that f(R) models to be regular at R = 0 leads to a be-
haviour compatible with an effective cosmological constant
in a sufficiently curved spacetime which disappears in flat
spacetime [15].
Another successful alternative theory of gravity in shed-
ding some light in the above mentioned problems relies in
an extension of f(R) theories with a non-minimal coupling
between matter and curvature [16]. In fact, it allows for a
mimicking effect of dark matter effects at galaxies [17] and
clusters of galaxies scales [18], it has some bearings on the
late time acceleration [19], and is compatible with Planck’s
inflation data [20], gravitational waves measurements [21]
and the modified virial theorem from the spherically relaxed
Abell 586 cluster [22].
In the weak field regime, this model yields a correction
to the Newtonian potential [23], and presents shock waves
in the gravitational collapse [24, 25]. It has been recently
applied to the generalisation of the Boltzmann equation for
such scenario and its main implications were analysed in
Ref. [26]. Therefore, it is important to study how this al-
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2ternative model of gravity modifies the Jeans criterion for
instability, which is responsible for the collapse of a gravita-
tionally bound system, such as interstellar gas clouds whose
internal pressure does not overcome gravity, ultimately lead-
ing to star formation.
This work is organised as follows: in section 2, the non-
minimal mater-curvature coupling model is introduced; in
section 3 we derive the weak field of the nonminimally cou-
pled Boltzmann equation of Ref. [26]. In the following sec-
tion, 4, the Jean’s criterion for instabilities is analysed and
the implications for the parameters of the alternative grav-
ity model are found. As an example, we test the viability of
the model for Bok globules in Sec. 5. The conclusions are
presented in Sec. 6.
2 The non-minimal matter-curvature coupling model
The non-minimal matter-curvature coupling alternative grav-
ity model (NMC) is defined from its action functional [16]:
S=
∫
d4x
√−g [κ f1 (R)+ f2 (R)L ] , (1)
where f1(R), f2(R) are arbitrary functions of the curvature
scalar R, κ = c4/(16piG) and L is the Lagrangian density
of matter fields.
The metric field equations can be straightforwardly found
by varying the previous action with respect to the metric,
gµν :
ΘGµν =
1
2κ
f2(R)Tµν +∆µνΘ +
1
2
gµν [ f1(R)−RΘ ] , (2)
where Θ :=
(
f ′1(R)+
f ′2(R)L
κ
)
, Gµν is the Einstein tensor,
the primes denotes derivatives with respect to the curvature
scalar, f ′i (R)≡ d fi(R)/dR, and ∆µν ≡∇µ∇ν−gµν. More-
over, General Relativity can be retrieved as the particular
case when f1(R) = R and f2(R) = 1.
The trace of the metric field equations reads:
ΘR−2 f1(R) = 12κ f2(R)T −3Θ . (3)
In fact, one of the most striking features of this model
consists in the covariant non-conservation of the energy-
momentum tensor:
∇µT µν = (gµνL −T µν)∇µ ln f2(R) . (4)
This implies that for a perfect fluid, with Tµν = (ρ +
p)uµuν − p gµν , test particles do not follow geodesic lines
given the presence of an extra force term in the geodesics
equation [16]:
duα
ds
+Γ αµνu
µuν = fα , (5)
where uµ denotes the particle’s 4-velocity and the extra force,
per unit mass, is given by:
fα =
1
ρ+ p
[
f ′2(R)
f2(R)
(Lm− p)∇νR−∇ν p
]
Vαν , (6)
whereVαν = gαν+uαuν is the projection operator. We should
also note the dependence on the matter Lagrangian density
choice. This feature lifts the degeneracy that exists in GR
whether L = −ρ or L = p [27], since it yields different
results for the extra force (See Ref. [28] for a thorough dis-
cussion).
3 The Boltzmann equation in the Newtonian limit of the
NMC
In Ref. [26], the Boltzmann equation for these theories was
derived, where the main consequence was the appearance of
a term related to the extra force:
pµ
∂ f
∂xµ
− (Γ σµν pµ pν −m2fσ) ∂ f∂ pσ =
(
∂ f
∂τ∗
)
coll.
. (7)
Let us now study the case of dust, p= 0, where the mat-
ter Lagrangian has a clear choice L = −ρ . Furthermore
we shall study the Newtonian level of the modified gravity
model, Eq. (1). We should note that the geodesic equation
reads now [23]:
d2xi
dt2
= ∂i
[
gtt +1
2
− ln | f2|
]
− ∂ip
ρ+ p
, (8)
from which one can define a NMC potential, Φc := ln | f2|
[23]. This implies that the nonminimally coupled Boltzmann
equation reads in the absence of collisions and pressure gra-
dients:
∂ f
∂ t
+v ·∇ f −∇(Φ+Φc) · ∂ f∂v = 0 . (9)
Furthermore, the metric field equations of this model can
be Taylor expanded considering corrections up to c−2:
R ∼ R(2) ≡ δR (10)
f n(R) ∼ f n(0)+ f n−1(0)R(2) (11)
Thus, at O(2), the 00-component of the field equations
(2) and the trace equation (3) become:
f ′1(0)δG00 = ∇
2
[
f ′′1 (0)δR+
f ′2(0)
κ
δLm
]
+
f2(0)
2κ
δT (0)00 ,(12)
f ′1(0)δR= 3∇
2
(
f ′′1 (0)δR−
f ′2(0)
κ
δLm
)
+
f2(0)
2κ
δT (0) ,(13)
where f1(0) = 0 because of the field equations at zeroth or-
der. We point out that this expansion is performed around the
Minskowski spacetime where at lowest order does not exist
matter fields. However, at linear level the fluctuations of the
components of the energy-momentum tensor correspond to
matter fields, hence δTµν = ρδ 0µδ 0ν and δT =−ρ . This situ-
ation contrasts with the study in the context of gravitational
waves of Ref. [21] where there still existed some residual
background in the form of a cosmological constant or a dark
energy-like fluid.
3The obvious choice for the metric field is:
gµν = diag(−1−2Φ ,1−2Ψ ,1−2Ψ ,1−2Ψ) , (14)
where both |Φ | , |Ψ |  1 and correspond to the Bardeen
gauge invariant potentials. Thus, the 00-components of the
Ricci tensor are δR00 =∇2Φ , and the scalar curvature δR=
2∇2 (2Ψ −Φ).
Inserting this metric in the perturbed metric field equa-
tions and their trace, we get:{
2α∇4(2Ψ −Φ)−2∇2Ψ = β∇2ρ− γ2ρ
6α∇4(2Ψ −Φ)−2∇2(2Ψ −Φ) = 3β∇2ρ− γ2ρ ,
(15)
where α := f ′′1 (0)/ f
′
1(0), β := f
′
2(0)/(κ f
′
1(0)),
γ := f2(0)/(κF1(0)), and the term ∇2ρ comes directly from
the non-minimal coupling. The usual Poisson equation in
GR is retrieved by setting Φ =Ψ , f2(R) = 1.
Fourier transforming the previous equations and adding
both of them, one gets the following expression relating the
two potentials:(
1+4αk2
)
Ψ˜ =
(
1+2αk2
)
Φ˜−βρ˜ , (16)
where the tilde notation refers to the Fourier transform of
the functions underneath it.
In fact, this equation deserves a few comments. If we
have considered cosmological perturbations of the form of
Eq. (14) in the metric field equations, we would have found
that the ij-components yield a general condition relating both
Bardeen invariant potentials [29]:
Φ−Ψ =−δ ln( f ′1(R)+ f ′2(R)L ) . (17)
Further expanding this condition, keeping terms up to
O(1/c2) and choosing L = −ρ we get the same relation,
after a Fourier transform, as Eq. (16), where we have first
expanded around a static Minkowsky background. The term
βL˜ = −βρ˜ appears due to the non-minimal coupling be-
tween matter and curvature. In the limit where f2(0) = 1, we
retrieve the relation in f (R) theories: Ψ˜ = 1+2αk
2
1+4αk2 Φ˜ . More-
over, when f1(R) = R ⇐⇒ α = 0, we get Ψ˜ = Φ˜ , which is
the General Relativity’s condition.
In fact, we can relate both Bardeen gauge invariant po-
tentials without the need of the dependence on the matter
Lagrangian choice by sorting out a different linear combina-
tion of both equations of the system of Eq. (15):
Ψ˜ =
γ+2αγk2+2βk2
γ+4αγk2−2βk2 Φ˜ . (18)
Now, the two potentials can be decoupled into two Poisson-
like equations, resorting to the inverse Fourier transform for
the real space, for each one:
(
3α∇4−∇2)Φ = (αγ− β2 )∇2ρ− γ4ρ(
3α∇4−∇2)Ψ = (αγ+β2 )∇2ρ− γ4ρ . (19)
These results are the basis for numerical solvers from
nonlocal optics to simulate the dynamics of N-body sys-
tems in the non-minimal matter-curvature coupling model
of Refs. [24, 25], as they allow the study of weak field impli-
cations from modified gravity in the context of gravitational
collapse. Furthermore we note that issues concerning stel-
lar stability from modified Lane-Emden equation were ad-
dressed for the case of f(R) theories in Refs. [30, 31] and fur-
ther generalised for the non-minimal matter-curvature model
in Ref. [32] together with the Tolman-Oppenheimer-Volkoff
equation for a spherically symmetric body of isotropic ma-
terial, where in both theories different solutions with re-
spect to the standard theory were found. This equation aims
at describing the inner structure of a thermodynamic self-
gravitating system provided an polytropic fluid equation of
state. A further stability criterion can be analysed in what
concerns the causes the collapse of interstellar gas clouds
which lead to star formation. This is the so-called Jeans in-
stability criterion. It was analysed in the context of f(R) the-
ories in Refs. [33, 34] and which shall be further analysed in
the context of the non-minimal coupling alternative gravity
model in the next section.
4 Jeans instability
The equilibrium state, denoted with the subscript "0", is as-
sumed to be homogeneous and time-independent. Let us con-
sider a small departure from this equilibrium state [1]:
f (r,v, t) = f0(r,v)+ ε f1(r,v, t) , (20)
Φ(r, t) =Φ0(r)+ εΦ1(r, t) , (21)
Ψ(r, t) =Ψ0(r)+ εΨ1(r, t), (22)
where ε  1.
Thus, we can set f0(x,v, t) = f0(v), and consider the so-
called Jeans "swindle" to set both equilibrium states Φ0 = 0
and Ψ0 = 0. Hence the gravitational system will be char-
acterised by the set of equations (9) and (15) after a Fourier
transform and taking into consideration that
ρ(x, t)=
∫
f (x,v, t)dv. Hence from the linearised weak field
nonminimally coupled Boltzmann equation we get the fol-
lowing relation:
−iω f˜1+v · (ik f˜1)− ik(Φ˜1+ Φ˜c1) · ∂ f˜0∂v = 0 ⇐⇒
f˜1 =
k · ∂ f˜0∂v
v ·k−ω
(
Φ˜1+ Φ˜c1
)
. (23)
We should now clarify the form of the perturbation Φ˜c1.
Let us note that Φc = ln f2(R), from which follows that
Φc1 =
f ′2(0)
f2(0)
δR= 2ε
β
γ
∇2(2Ψ1−Φ1) , (24)
4which is a clearly subdominant term given the Jeans swin-
dle. Hence, we can henceforth neglect it. We should note
that if we aimed at studying the weak field implications of
the non-minimal coupling effects, we would find that these
are measurable and lead to important signatures, such as a
stronger gravitational pull [23], and shock waves in gravita-
tional collapse [24, 25].
Therefore, we can recast the first equality of Eq. (19), in
the Fourier space, together with the Jeans swindle:
1+
(αγ−β/2)k2+ γ/4
k2+3αk4
∫ k · ∂ f∂v
v ·k−ω dv= 0 . (25)
This is the so-called dispersion relation. In the case of
weak field of stellar systems, we can assume that the equilib-
rium distribution function follows a Maxwellian distribution
function [1]:
f0 =
ρ0
(2piσ2)3/2
e−
v2
2σ2 , (26)
where ρ0 is the characteristic density of each system and σ
is the standard deviation. We can impose that k = (k,0,0)
without loss of generality. In the case of General Relativity,
where α = β = 0 and γ = 1/κ , the limit for instability is
found by setting ω = 0, yielding the Jeans wavenumber [1]:
k2J := k
2(ω = 0) =
4piGρ0
σ2
. (27)
This quantity defines the Jeans’ length:
λJ :=
4pi2
k2J
=
piσ
Gρ0
, (28)
which characterises the stability of perturbations on a sphere
with the Jeans mass:
MJ :=
4piρ0
3
(
λJ
2
)3
=
pi
6
√
1
ρ0
(
piσ2
G
)3
. (29)
In fact, we can study unstable (Re(ω) = 0∧ Im(ω) >
0), neutrally stable (Re(ω) 6= 0∧ Im(ω) = 0) and Landau
damped solutions (|Im(ω)/Re(ω)| & O(1)) from the dis-
persion relation, Eq. (25). In this work, we are interested in
the unstable modes. For the non-minimal matter-curvature
coupling model, those are found by noting that the disper-
sion relation for the Maxwellian distribution can be recast
as:
k2+3αk4
(αγ−β/2)k2+ γ/4 =−
∫ +∞
−∞
∫ +∞
−∞
∫ +∞
−∞
k ∂ f0∂vx
vxk−ω dvxdvydvz
= D1
∫ +∞
−∞
∫ +∞
−∞
∫ +∞
−∞
kvxe
− v2x
2σ2
kvx−ω dvx
e− v2y2σ2 dvy
e− v2z2σ2 dvz
=
ρ0√
2piσ2σ2
∫ +∞
−∞
kvxe
− v2x
2σ2
kvx−ω dvx
=
k2J
4piG
1√
2pi
∫ +∞
−∞
xe−
x2
2
x−B dx , (30)
where D1 =
ρ0
(2piσ2)3/2σ2
, and we have used the result for a
Gaussian integral
∫ +∞
−∞ e
− y2
c2 dy= c
√
pi , together with the no-
tation x := vx/σ and B := ω/(kσ). By integrating by parts
and considering purely imaginary frequencies ω = iw, we
find that the dispersion relation in these alternative theories
of gravity read:
k2+3αk4
(αγ−β/2)k2+ γ/4 =
k2J
4piG
[
1+
1√
2pi
e−
B2
2 B
(
−pierfi
(
B√
2
)
+Log[−1]
)]
,(31)
where erfi(x) = −ierf(ix) is the imaginary error function
which is related to the error function erf(x)= 1√x
∫ +∞
∞ e
−t2dt,
and Log[x] is the analytic continuation of the logarithm func-
tion. Since, we are looking at unstable modes, we only aim
at ω = iw solutions. Therefore, the previous result can be
cast in the following form:
k2+3αk4
(αγ−β/2)k2+ γ/4 =
k2J
4piG
[
1−√piez2z(1− erf(z))
]
, (32)
where z := w√
2kσ
, and we used symmetry properties of the
error function. This equation generalises the dispersion rela-
tion equation found in General Relativity [1] and in the con-
text of f (R) theories [33, 34]. In fact, the right hand side of
the previous equation decreases monotonically with respect
to z, and the limit for instability occurs when ω = z= 0, i.e.,
erf(0) = 0. Hence:
k2+3αk4
(αγ−β/2)k2+ γ/4 =
k2J
4piG
, (33)
which can be solved for k2, yielding the following solutions:
k2± =
−8piG+(2αγ−β )k2J ±
√
D2
48αpiG
, (34)
where the ± stands for each sign before the square root and
D2 = 48αγpiGk2J +(−8piG+(2αγ −β )k2J)2. From this re-
sult we can write the modified Jeans’ mass:
M˜J =
(
k2J
k2
)3/2
MJ =(
48αpiGk2J
−8piG+(2αγ−β )k2J ±
√
D2
)3/2
MJ . (35)
These results need to take into consideration further con-
ditions which arise, for instance, from avoidance of other in-
stabilities. In fact, we note that in order to find positive mass
solutions, we need to require that both numerator and de-
nominator of the expression between parenthesis have the
same sign. In addition, we need to require that the radi-
cand (argument of the radical) is positively defined, i.e.,
48αγpiGk2J +(−8piG+(2αγ−β )k2J)2 > 0.
Moreover, in order to keep gravitation attractive, a fur-
ther condition appears from the metric field equations,
5f2(R)
f ′1(R)− f ′2(R)ρ/κ
> 0 [35], which is still valid at R = 0, yield-
ing:
γ
1−βρ > 0 . (36)
A final remark arises from the avoidance of Dolgov-
Kawasaki instabilities [36], which in the case of the present
modified gravity theory yields the condition [35]:
f ′′1 (R)+
f ′′2 (R)L
κ
≥ 0 . (37)
Bearing these constraints in mind, we can now study the
limits for Jeans’ instability. To do so, let
∆± :=
48αpiGk2J
−8piG+(2αγ−β )k2J±
√
48αγpiGk2J+(−8piG+(2αγ−β )k2J )2
, where
the subscripts are understood as the + or − solutions, and
special cases can be readily scrutinised, such as f(R) theories
or pure non-minimal matter-curvature coupling, and special
cases as 2αγ = β .
4.1 f(R) theories
In fact, f(R) theories can be found by setting α 6= 0, β =
0, γ = 1/κ . This implies that we retrieve the results from
Ref. [34]:
∆± =
6αk2J
−1+4αk2J ±
√
1+4αk2J +16α2k4J
> 0 , (38)
where bounds were found for the only viable solutions, ∆+,
for the ratio M˜J/MJ ∈ (0.649519,1], given that for these
models the Dolgov-Kawasaki instabilities are avoided pro-
vided α > 0. This behaviour is shown in Fig. (1).
0.2 0.4 0.6 0.8 1.0
α
0.75
0.80
0.85
0.90
0.95
1.00
M
˜
J
MJ
f(R) theories
Fig. 1 Comparison between the GR (dashed line) and the f(R) theories
(solid line) behaviours for the modified Jeans’ mass.
4.2 Pure Non-Minimal Coupling
On the other hand, we can set f1(R) = R but still consider
that f2(R) 6= 1. In order to tackle this situation, we need to
solve Eq. (33) once again but setting α = 0. Thus:
k2± =
γk2J
16piG+2βk2J
, (39)
which gives a new expression for ∆ :
∆ =
16piG+2βk2J
γ
> 0 . (40)
Therefore, either both β , γ > 0 or γ < 0∧β < − 16piG
2k2J
.
These are conditions for the non-minimal coupling func-
tion, f2(R), and its derivative evaluated at R= 0. Therefore,
only the case β , γ > 0 is physically viable, as the remain
would give repulsive gravity. In fact, γ ∈ (0,1) represents
the case when the corrected gravitational force is stronger
than the Newtonian one and gives ∆ ∈ (16piG,+∞), whilst
γ ∈ (1,+∞) denotes the opposite case when the correction
leads to a weaker force than the Newtonian one and yields
∆ ∈ (16piG,2k2J) or ∆ ∈ (2k2J ,16piG) depending on the mod-
ulus of k2J .
4.3 2αγ−β = 0
A third case is worth discussing, namely when 2αγ = β ,
where the expression for the ∆ factor simplifies into the con-
dition:
∆± =
6αk2J
−1±
√
3
4piGαγk
2
J +1
> 0 . (41)
In this case, we cannot exclude either ∆+ or ∆− solutions
since the condition from Dolgov-Kawasaki instability does
not provide a way to assess whether solution is the most
suitable one.
If α → 0 and γ < +∞, then ∆± → 0. However, if α →
+∞ and γ < +∞, then ∆± → +∞. On the other side, if
γ → 0 and α < +∞, we obtain ∆− → −3αk2J and α < 0,
or ∆+ → +∞. The final case, if γ → +∞ and α < +∞, we
obtain ∆±→ 0.
5 Bok globules
Bok globules are nearby isolated and simple-shaped clouds
of interstellar gas and dust, with core temperatures of the or-
der of 10 K and masses around 10 M, and which can expe-
rience star formation [37]. Furthermore, their masses are of
the order of the corresponding Jeans’ masses, which proves
to an useful tool to distinguish between different models of
gravity in what concerns to stability. Despite the fact that the
formation process of Bok globules are not understood, and it
6is usual to assume homogeneous distribution and spherical
symmetry, although they are ellipsoids [38], for their cores
in order to infer some properties, the available observational
data on such gravitationally bound systems is sufficient for
test the viability of the Jeans’ criterion. This analysis was
performed in Ref. [34] in the context of f(R) theories resort-
ing to data from Ref. [37].
However, we should note that data from Ref. [37] was
found under some assumptions, namely the Bonnor-Ebert
density profile, which is a solution of the Lane-Emdem equa-
tion provided the energy density at r = 0 is nonsingular.
Therefore, testing alternative theories of gravity resorting to
this processed data may lack some features since, for in-
stance, the estimated observational masses rely on the as-
sumption that GR holds.
As shown in Ref. [32], in the perturbative regime of
the non-minimal coupling model, assuming some power-law
functions for the f1(R) and f (R) functions, a non-trivial de-
viation from the standard Lane-Emdem equation is found,
which leads to a dressed or effective mass. However, the
choices for both functions of the model in [32] are not the
only viable ones, therefore a further discussion on those spe-
cific models would narrow down the observational outcomes
of the model. Furthermore, the dressed masses may not be
the physical or bare masses since the corrections are of grav-
itational nature, leading to a sum of gravitational and "real"
components. Hence, we shall use the standard estimated ob-
servational masses as probes to test the viability and general
physical consequences of the non-minimal matter-curvature
model in what concerns the Jeans instability.
We further note that although the precision of the avail-
able data is not sufficient for more accurate conclusions, we
can infer based on Table 1 from Ref. [34] that a sufficient
condition for finding the correct stability stage from Ref.
[37] seem to require that M˜J . (2/5)MJ .
This phenomenological bound implies that for f (R) the-
ories, the limit for instability occurs when:
α ∼ 15(−5+20
1/3)
2k2J(−50+30×201/3−9×501/3+50k4J)
, (42)
whilst the pure non-minimal coupling case yields:
γ ∼ (16piG+2βk2J)(25
)2/3
. (43)
In its turn, the third case yields for both ∆±:
γ ∼ 16piG
[(
2
5
)2/3
+
6
5
(
2
5
)1/3
k2Jα
]
. (44)
These conditions for each of the three limits studied in
this work seem to be physically viable and match the stable
or unstable globules found in Ref. [37].
Moreover, in pure f (R) theories, the modified Jeans’
mass is lower than the standard one, which results in more
efficient star formation processes and better agreement with
data both from molecular clouds [33] and Bok globules [34].
In its turn, the non-minimal coupling model offers both
possibilities: lower and higher modified Jeans masses in com-
parison with the ones from General Relativity. Since obser-
vational data favour models with lower Jeans masses in or-
der to match observed stability conditions, this poses con-
straints on the functions of the non-minimal matter-curvature
model and their derivatives. However, we should note that
we can, in principle, find such regions even in cases other
than the three special ones of the previous Section. Given
this feature, even in cases where pure f (R) fail to match
data, this model seems to be more advantageous over the
first. This should not be surprising as the model under study
in the present work is a generalisation of the f (R) theories.
6 Conclusions
In this work, we have analysed the weak field regime of the
Boltzmann equation in the context of non-minimal matter-
curvature coupling alternative gravity model. In this frame-
work and resorting to the Jeans swindle, we found that the
correction to the Newtonian potential is a subleading term,
hence providing no effect on the linear expansion. However,
the effects of the arbitrary functions of the scalar curvature
are present in the form of three parameters which affect the
relation between the two Bardeen gauge invariant potentials.
Applying the Jeans swindle, we generalised the results
for the Jeans’ criterion for gravitational instability, which
led to a modified Jeans length and, consequently, a modified
Jeans’ mass. From these quantities we found some limits for
instability in terms of the three parameters from the modifi-
cation of gravity.
Bok globules are still not well understood gravitation-
ally bound systems, with masses of the order of the Jeans
masses. This is an excellent laboratory to test modified grav-
ity models in what concerns the Jeans’ criterion for instabil-
ities, which result in star formation. Although, more accu-
rate data is mandatory in the future, we used them to test
the viability of our results in a similar way as Ref. [34]. By
comparing the analysis from [34] with data from Ref. [37],
we found that a sufficient condition for viable models is to
require that M˜J ∼ (2/5)MJ . This can, in principle, be easily
found in the present model.
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